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I N T R 0 D U C T I 0 N

The NASA Excellence Award for Quality and Productivity is the result of NASA's

desire to encourage superior quality and the continuous improvement philosophy in the
aerospace industry. It is awarded to NASA contractors, subcontractors, and suppliers
who have demonstrated sustained excellence, customer orientation, and outstanding
achievements in a total quality management (TQM) environment. The objectives of this
award are to:

• increase public awareness of the importance of quality and productivity to the
nation's aerospace program and industry in general;

• encourage domestic business to continue efforts to enhance quality, increase
productivity, and thereby strengthen competitiveness;

• provide the means for sharing the successful methods and techniques used by the
applicants with other American enterprises.

We believe this award process, now beginning its fifth year, has clearly demonstrated
benefits that can be derived by participating in the program. It provides an unequalled
learning environment for those organizations seeking to improve the quality and
productivity of their products and services. It is particularly exciting to acknowledge in
this publication the accomplishments of the first service/support organization to be the
award recipient, LESC ESPO.

This "IIighlights" booklet is intended to transfer successful techniques demonstrated
by the performance and quality of work accomplished by Lockheed Engineering &
Sciences Company. The booklet, aligned with seven strategies developed by NASA and
its contractor team, details Loekheed's efforts in achieving outstanding performance
and customer satisfaction. NASA urges other aerospace companies to enmlate and
tailor to their needs the successful methods and programs highlighted in this booklet.

Joyce R. Jarrett, Director
NASA Quality and Productivity

Improvement Programs
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F 0 R E W 0 R D

Quality is vital to the space program and requires continuous commitment by the
NASA Contractors Team to build quality and reliability into our products and services.
To further these aims, NASA annually presents the NASA Excellence Award for
Quality and ProductMty to those NASA aerospace companies-both large and small--
whose products exemplify the highest standards of performance. The award recognizes
organizations that seek continuous improvement and demonstrate an adherance to the
tenets of Total Quality Management.

I wish to thank all the contractors that applied for the Excellence Award, and my
special congratulations to Lockheed Engineering & Sciences Company--the award
recipient for 1989. NASA is committed to working with its contractors to achieve
excellence. Those NASA companies that apply for NASA's most prestigious award, and
progress through the rigid examination process, show us they are committed to
excellence. It is this type of dedication that will enable this country to remain a
competitor in the world market. We look forward to greater participation by our
contractors in the future as we mutually strive to build quality and reliability into the

products and services that are so vital to our space program and our country.

George A. Rodney
Associate Administrator for Safety,

Reliability, Maintainability and
Quality Assurance
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Our Business

is Support
Services

Photos: (clockwise from above)
Crew escape pole is being tested
by the Air Force in a jump over the
California desert; Wellness Cen-
ter; Program Manager Moe Miller
recognizes the winning Lockheed
tennis team which placed first in
a local tournament; launch and
entry suit; Houston Lunar Lab.

_-_Lockheed
EnEineering & Sciences Company
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uality, it has been said, is somethingthat is difficult to put your finger on.
The same could be said about the products of
the Lockheed Engineering & Sciences
Company (LESC). The company exists to
provide management and technical services
for its parent, Lockheed Corporation. LESC is
unique among Lockheed companies in that it
does not sell hardware. Its only product is
providing high-technology engineering,
science, management, and technical support
for government programs.

The Engineering and Sciences Program
(ESPO) is one of several LESC programs.
With more than 2,100 full-time employees,
ESPO is the principal research and
engineering contractor at the National
Aeronautics and Space Administration-
Johnson Space Center (NASA-JSC). For more
than 25 years, ESPO has supported all major
manned spaceflight programs: Gemini, Apollo,
Skylab, Apollo-Soyuz, Space Shuttle, and
Space Station Freedom.

The quality work of LESC ESPO received
special recognition in 1989 when it was named
the recipient of the 1989 NASA Excellence
Award for Quality and Productivity. The
award--which is designed to recognize the
highest standards of performance among
NASA's aerospace industry contractors,
subcontractors, and suppliers--is the highest
honor bestowed upon LESC ESPO. The
award process involves completing an
extensive application and on-site visits by
examiners to validate claims made in the
application. LESC is the only recipient to
receive the award for 1989 from a field of

eight finalists, and is the first support service
contractor to win the award.

The following pages contain an overview of
LESC ESPO's services and a detailed
examination of its focus on the customer and
the organization. These techniques have been
developed by an organization that specializes
in service, but can be adapted and applied by
any organization that wishes to pursue total
quality.

ORIGINAL PAGE
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ESPO Provides Engineering
Services to NASA-JSC

ESPO has established itself as a leading
technical service contractor through its past
and ongoing engineering developments for the
Space Shuttle. Technical areas include
automation and robotics; the thermal control
subsystem; integrated guidance, navigation, and
attitude control; tracking and communications;
spacecraft propulsion systems; crew and
thermal systems; lunar specimen curation
laboratories; data management; and
habitability, human factors, and food
subsystems. Much of the current engineering
activity supports planning and design of the
space station test beds, with particular
concentration in the areas of data

management, thermal
management, and tracking
and communications. The
strong fundamental bases of
computer science, systems
engineering, and simulation
provide enhanced capabilities
to NASA in all areas of
engineering. ESPO's long-
standing strengths of
avionics, communication and
tracking, and proximity
operations tools and skills
are being applied to future
space project needs.

ESPO provides major support to NASA-JSC
in its responsibilities for the design, development,
operation, and overall mission management of
both JSC-assigned, NASA-sponsored payloads
and commercial payloads scheduled for flight
on the Space Transportation System.

V
"ESPO is an h_formation-
b_ organization that is,
in the words of noted

management expert and
author Peter Drucker,
"composed largely of
specialists who direct
and discipline their own
performance through organized
feedback from colleagues,
customers, and headquarters."

ESPO Provides Science

Services to NASA-JSC

ESPO designed and developed part of the
Shuttle Crew Escape System (SCES), a critical
return-to-flight project. In addition, ESPO
supports the shuttle astronaut crews in a wide
range of Earth observation activities, providing
crew training and mission support. ESPO plays
a major role in coordinating crew activities
with the Earth's sciences community needs.
The photography taken by the astronaut crews,
for example, is documented in mission catalogs
and in an electronic data base, and is then
made available to the Earth's sciences
community. For more than six years, ESPO
supported NASA-JSC in developing the large
format camera and its associated attitude

reference system. This camera constitutes the
most advanced commercial mapping camera in
existence, and the high-resolution photography
is used in a variety of scientific disciplines.
ESPO also provides scientific and technical
support for solar system explQration programs
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at NASA-JSC. Lockheed scientists and
engineers analyze extraterrestrial material
samples, develop spaceflight instruments for
evaluation of materials and man-made near-
Earth orbital phenomena, and build prototype
equipment for lunar base development and
planetary exploration missions.

Because of the unique nature of support
services contracting, with its highly diverse and
specialized functions, it is a challenge to measure
its quality and productivity. There frequently is
no piece of machinery to be inspected or tested
to confirm excellence of quality, no product to
be sold in the market place and become subject
to mass customer feedback or consumer
reports, and no conveyor belt with products
rolling off to be counted and measured against
man-hours. In short, there is nothing tangible
remaining that appears measurable. Indeed, as
soon as a service has been performed, it is by
definition a thing of the past.

Yet most of us can recall instances when we
have received either very good service or very
poor service-and we know there is a very real
difference. For the support service contractor
who is committed to excellence, the challenge
consists of first defining and measuring that
difference and then meeting the standard of
excellence that has been defined.

Over the years this pursuit of excellence has
led us at LESC ESPO to examine all facets of
traditional quality assurance and productivity
methods. As a result, we have developed
powerful operating methodology to sustain the
highest standards of quality and productivity in
an engineering and science support service
environment. We have formulated, tested,
adapted, and maintained a system to ensure
that NASA, the customer, is completely
satisfied. "Customer satisfaction--that's what
we're about on a day-to-day basis," said Moe
Miller, LESC vice president and ESPO manager.

At the very core of the operational system is
an organizational structure designed for
responsiveness and effectiveness in the
management of 700 decentralized job orders.
Each of these job orders is a minicontraet in
which resources and deliverables are directly
negotiated between the NASA-JSC monitor
and the Lockheed personnel performing the
work. Project requirements vary widely. The
matrix project management structure allows
the flexibility necessary to respond to this
variety of requirements.

Also central to task performance is a Technical
Information Processing system (TIPS) that is
uniquely tailored to support team projects. This
enhancement to team effort is important both
within the company and between ESP0 and
NASA. A vitalization process that ensures a
proper skill mix with realistic costs is operative
within the company to give added benefits to
NASA. An environment of open communication and

_2
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employee participation, together with a leadership
development program that enables and empowers
superior performance, provides a key stimulus to
continuing excellence in both quality and
productivity. The effectiveness of these innovations
and ESPO's continuous improvement are
demonstrated by sustained ratings of excellent for
cost, schedule, and technical performance in the
award fee evaluation process since 1978 and also
by the following accomplishments:

• Selection as the recipient of the 1989 Johnson
Space Center Team Excellence Award. This
marked the second consecutive year that ESPO
received this honor.

• Vital role in critical retarn-to-flight activities.
In the wake of the Challenger accident, ESPO
developed the Shuttle Crew Escape System and
implemented the "clamshell fix" of the nitrogen
tetroxide leak prior to the Space Transportation
System 26 (STS-26) mission.

• Selection for NASA-JSC's Engineering
Support Contract (ESC). This contract, a_rded in
1987, is the second largest contract supporting
NASA-JSC.

• Early completion of ESC phase-in activities.
The transition was completed 90 days ahead of
schedule, saving the government $5.2 million.

• Additional ESC staffing growth of 88 percent
since the contract was awarded. While this growth
took place, award fee evaluations remained
exceIlent.

• Verifiable cost reductions of $55.4 million
since 1984. Each year has shown a steady

increase in both the number of submittals and
dollars saved.

• Continuing implementation of the Technical
Information Processing System (TIPS), a network
computer system to increase productivity and
quality. Phase II was implemented in 1988 with
the installation of 186 workstations and associated

software; workstations and a terminal, printer,
and plotter to support technical computer-aided
design and computer-aided engineering; and a
microwave link to connect workers in the new
Lockheed Plaza 4 with existing networks.

• Continual pursuit of technical excellence.
About 27 percent of employees completed one or
more of the 26 in-house technical training courses
offered in 1988; 10 percent participated in the
tuition reimbursement program; and 45 percent
attended one or more of the 20 wellness center
programs. Since 1984, 348 employees (including
two-thirds of all managerial employees) have
completed the Distinctions of Leadership course.

• Emphasis on employee involvement and
recognition. About 40 percent of employees
participated on one or more of the 48 employee
teams in 1988; award programs recognized 37
percent of employees for group achievement and
39 percent for individual achievement.

At ESPO we continually strive to improve the
quality and productivity of operations as a support
service contractor. Commitment to teamwork and

customer satisfaction is a way of life.

Focus on the Customer
All ESPO Employees Understand

Performance Requirements

ESPO's understanding of performance
requirements is a natural result of a close working
relationship with customers. The partnership with
NASA-JSC, which allows the joint identification
and solution of problems, is greatly facilitated by
our organizational structure, which closely mirrors
that of the NASA-JSC divisions that ESPO
supports. Every one of these NASA divisions has
its counterpart in an ESPO department, each of
which is overseen by an operations manager.
These operations managers, who are the primary
contacts with the NASA-JSC divisions, work with
a great deal of autonomy. This is a necessity
because each operations area conducts work on
a number of individual job orders.

Each job order manager oversees a
semiautonomous work group that meets weekly,
or often dails; with the NASA-JSC monitor. These
meetings take place at JSC or in the ESPO
facilities and include NASA, ESPO, and
subcontractor employees from all levels. NASA
visits ESPO regularly, and an open door

policy is maintained to promote close working
relationships.

Requirements are clearly documented in the job
order and in supporting clarification work
authorizations, such as task agreements and action
documents. These are understood throughout the
organization. Advice or clarification can be
obtained easily when the need arises because
ESPO's entire work force is no more than five
minutes away from NASA-JSC.

In addition to such ongoing communication, we
receive feedback through the quarterly evaluation
of each job order. We have more than 700 job
orders. Each one is graded quarterly on technical
work performance, supervision and management,
and response and schedules. At the program level,
we receive feedback from the technical manager
and contract officer on cost and program
management performance for the entire contract.
This timely feedback from the customer allows
the process to be refined and excellence to be
sustained.
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NASA recognizes ESPO's work

Proof of ESPO's outstanding performance came
in March 1987 when we were granted the
Engineering Support Contract, the second largest
contract supporting NASA-JSC. The contract
covers an initial two-year period with three _'o-
year options. The ESC consolidates the work
previously done by three companies--ESPO,
McDonnell Douglas Astronautics Company, and
Northrop Services, Inc.--under three separate
contracts. Thirty percent of the ESC represented
new work for ESPO, including support for the
NASA-JSC Crew and Thermal Systems Division,
Propulsion and Power Division, and Lunar
Curation Laboratories.

Phase-in activities began immediately after the
award announcement. To handle the increased
work load, we hired 95 percent of the incumbent
work force from Northrop and 75 percent from
McDonnell Douglas. By May 10, 1987, (well ahead
of the targeted month of August 1987) we
brought these 336 new people on board. The
quick work _ved the government $5.3 million.
Moreover, to ensure a smooth transition, we had
completed 50 memoranda of understanding
(MOUs) with the incumbents.

In the initial exaluation of the contract for the

period ending July 1987, the NASA-JSC technical
manager made special note of ESPO's
outstanding performance during the intense period
of transition to the new ESC contract. The

company's performance was rated "high
excellent," This work included the identification,
ree_Jiting, and hiring of the incumbent work
force; the development and implementation of
three-party MOUs; and the initiation of ESC work
authorization documents (job orders). Excellent
progress in TIPS implementation and a continued
high level of performance during the high activity
transition period were also noted. Additionally,
since the start of ESC, ESPO has received more
than 400 letter's of commendation for excellent

performance from NASA.

Working with customers

Areas of minor deficiencies will undoubtedly
arise in any organization performing the diverse
and complex tasks necessary for manned space
exploration. The quarterly e_aluation of each job
order pinpoints potential problem areas. When the
potential for a deficien_ _ is identified, the
operations manager of the department to which
the job order is assigned immediately discusses
the situation with the ESPO job order manager
and the NASA technical monitor. (An operations
manager is responsible for a department m_d is
also the primary ESPO interface for support to a
counterpart NASA division.) If additional
resomres or capabilities are needed to correct the
deficients.; the operations manager has immediate
access to the resources of both LESC and the

entire Lockheed Corporation. Sustained
"excellent" grades, however, are proof that areas
of deficiency in ESP0 are of minimal significance.
The conWact defines "excellent" as follows:

"Performance is outstanding in essentially all
respects, approaching the best that could be
expected of any qualified contractor. Contractor
has greatly exceeded the standard of performance
which would be expected of a qualified contractor.
Areas of deficiency are very few and, overall, are
considered relatively unimportant. Contractor
shows initiative in executing the job and achieving
improvements"

ESPO demonstrates a high

degree of initiative

The working relationship set up between NASA
and its support service contractors calls for
NASA-JSC to identify tasks and delegate them to
the contractor. However, because ESPO has
earned the trust and respect of NASA through
sustained excellent performance, ESPO frequently
takes the initiative to identify critical tasks and
improvements to facilitate and enhance the joint
mission of manned space exploration. This process
is part of a proactive approach that calls for a
constant examination of work to seek and find

opportunities for improvement.
In the early 1980s, for example, ESPO

recognized that automation of its processes
through the use of desktop computer-s could
greatly enhance quality and productivity. Studies
on the use of computers in the workplace resulted
in the development of TIPS, an operating network
of computers, engineering workstations, personal
computers, and associated software specifically
designed to increase the productivity of the work
force. TIPS is _isible e_idenee of a commitment to

productivity. By implementing such ideas as
automation in the workplace, everyday work is
performed more efficiently.

Sometimes, special situations arise that offer
the opportunity to devise creative solutions. Such
was the case in two separate tasks in the critical
return-to-flight period. During the Main Propulsion
System _,IPS) Failure Modes and Effects Analysis
(FMEA)/Critical Items List (CIL) review for the
STS return to flight, the Lockheed team proposed
the use of laptop computers and projection devices
to facilitate the review sessions. ESPO

recommended loading the pertinent data for each
FMEA into a word processor and then displaying
the output from the computer onto an overhead
displas_ Participants could thus review the
pertinent data and make appropriate changes
together. Not only was the entire FMEA review
process significantly accelerated, but the
quality of the new completed product could not
have been obtained through the former
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process.TheNASA-JSCcustomercommented
thatthenewdevicesandcomputerspaidfor
themselvesduringthefirst two-weekreview
meeting.Theywereemployedfor sevenadditional
reviewmeetings.

WhiletheSTS-26vehiclewasbeingcheckedout
for thereturnto flight,anitrogentetroxideleak
wasdiscoveredin aninaccessibleportionof the
OrbitalManeuveringSystem(OMS)pod.A joint
ESPOandNASAteamdesigned,fabricated,and
demonstrateda clamshelldevicethatcouldseal
theleak.Thisbreakthroughallowedtheshuttleto
belaunchedwithoutthesignificantdelayfor
rollbackandde-mating.TheESPOengineer
responsiblefor thisingeniousdevicewas
recognizedandrewardedbybothNASAand
ESPO.

In takingtheinitiativeto recognizeandprovide
for futureneeds,ESPOestablishedtheArtificial
IntelligenceProjectOffice(AIPO)in 1984to
researchneedsanddevelopcapabilityin thenewly
emergingartificialintelligence(AI)field.The
resultwasthecreationof anAI laboratoryfacility
staffedwith trainedpersonnel.NASAhas
recognizedthiseapabilits#andESPOhasdelivered
fivemajorexpertsystemsto NASA-JSC.These
systemsassistin suchdiverseareasashardware
diagnosisandcomplexspacestationtaskplanning.

V
NASA knows it can rely on
ESPO's responsiveness
when the unexpected
occurs. For both the Westar-

Palapa and Leasat satellite
retrieval missions, ESPO
resources were quickly
redirected to get the high-
profile job done quickly and
correctly.

Planning to ensure customer
satisfaction

The tasks on the ESC contract are

communicated by NASA-JSC technical monitors
via 700 or more individual job orders. The
majority of these job orders are stand-alone
tasks--independent of other ESPO job orders--
that are part of a larger project managed by
ESPO. This is t_33ical of support services
contracting. We provide schedules for each job
order, and the job order manager is responsible
for meeting schedule requirements.

Guidelines for project plan development are
included in the Project Management Handbook.
This handbook is augmented with formal project
management training courses. Topics covered
include schedules, deliverables, resource estimates,
and planning and control tools. Overall customer
satisfaction is graded quarterly on technical work
performance, supervision and management, and
response and schedules. NASA provides an overall
summary of grades at the ESPO operations level
and again at the contract level.

Adapting to changing conditions

Variation is a fact of life. ESPO realizes that
and all employees have demonstrated exceptional
responsiveness to rescheduling and reprioritizing
projects when the need arises.

One of the most complicated and demanding
projects was the Westar-Palapa satellite retrieval
mission. To meet the critical time lines of this

project, ESPO reseheduled and reprioritized its
many ongoing activities to free the necessary
resources for support to the retrieval. The project
involved about 10 percent of the total work force
over a short period of time, and required the
coordination of many subcontractors. This effort,
completed in only nine months, involved several
NASA centers and contractors in identifying the
issues, including the requirements for hardware,
software, procedures, crew
training, certification,
instalat]dn, and flight and
post-flight activities. It was
a high-intensib; high-profile
effort and one Mth a high
payoff t_) NASA's can-do
image. E SPO team
members were among those
recognized Mth a NASA-
JSC group achievement
award for their part in this
historic achievement. The
tiger-team skills developed
on this project have been
applied to many subsequent projects.

When the need arose for the in-space retrieval
and repair of the Leasat satellite, the experienced
ESPO team from the Westar-Palapa satellite
retrieval mission was quickly reorganized. The
subsequent effort resulted in a successful in-orbit
repair of the satellite, establishing the important
capability for satellite repair in space. This
capability has long been recognized as a key to
success in marketing NASA's satellite program for
worldMde commercial use.

After the STS 51-L accident, ESPO again drew
upon its long-standing skills in project management
and teamwork to analyze the accident. ESPO
management assembled a 25-person team of
image and photographic interpreters in a one-week
period and acquired all the necessary hardware
and software to begin data analysis. Some 1.775
million frames of still photography and 110 rolls
of videotape were examined, aiding in the timely
analysis of the disaster. ESPO participants
received an a_ard from NASA-JSC for their role
in this investigation.

[n addition to quick and successful handling of
these incidents, ESPO has also demonstrated
exceptional responsiveness to NASA's return-to-
flight requirements. After the STS 51-L accident,
a decision _as made to provide the orbiter with a
crew escape capability. A team of ESPO pet_sonnel
and their NASA counterparts explored several
concepts of crew escape systems. The Pole Crew
Escape System (PCES) was recommended and,
along with the addition of the newly designed
launch and entry suit (LES), comprised the total
SCES that _vas developed and certified for orbiter
use. The PCES and LES enable all crew members
to safely escape from a disabled orbiter during
eontrolled stable subsonic flight. The deployed
PCES permits crew members wearing the LES to
slide down the pole and clear the orbiter.



TheLESprojectteamwasfacedwith three
immediateproblems:theshortnessof the
schedule,severallargeprocurements,anda
procurementorganizationnotstaffedfor thistype
of activity.Theorganizationof a flight
procurementsection,therefore,wasthefirst step
in meetingthesechallenges.Thereorganization
includedseparatingpro'chasing,subcontract
administration,andprocurementoperations.The
Lockheedcorporateresourceswerealsoutilizedto
meetspecialprocurementproblems.Tofurther
alleviatetimeandmoneyconstraints,ESPOand
NASAmadethedecisionnot to subcontractthe
suitfabricationandintegrationtaskandto
performthefinalassemblyin-house.

Becausea shortprojectscheduletypically
presentsproblems,projectpersonnelmet
frequentlyto reviewandupdateschedulesand
Ganttcharts.In thiscase,Artemis,theSCES
schedulingtool,displayednotonlyengineering
functionsbutalsoprocurementactivities.The
projectschedulebecamethefocalpointof
discussionsat weeklyactivitymeetingsheld
betweentheprojectengineer,theprocurement
supervisor,andthepurchasingagent.Duringthe
mostcriticalperiod,MarchthroughJuly1988,
meetingswerehelddailyto coordinateand
minimizenegativeredundantactivities.Where
uniqueproblemssodictated,Lockheedcorporate
staffwereusedto makepersonalcontactwith the
vendorandworkoutproblems.

TheESPOprojectengineergavethecustomer
dailyprogressreportsontheengineeringand
procurementactionitems.Problemareaswere
quicklyandclearlyidentifiedthroughtheuseof
colorsontheschedulechart.Thestraight-f_ts
approachandclearprojecttrackingaidshelpedto
directcustomer-contractoractionsquicklyand
efficiently.

Becauseit _s a return-to-flightactMt_,SCES
hadthepotentialto becomea majorshunning
blockto meetingtheSTS-26launchschedule.
Therefore,theESPOprod'ammanagerand
departmentmanagementpersonnelwere
knowledgeableof theSCESactivitiesandacted
accordingly.All procurementmeetingsadopted
andpublicizedanopendoorpolicyto ESPOand
NASAmanagement.

TheSCESproject_s verysuccessfulbecause
it effectivelyusedthematrixmanagement
approachto staffingprojectsandESPO'sproven
abilityto addstaffquickly.ESPOorganizational
toolssuchasArtemisandotherschedulingtools,
aswellasthemanagementinformationsystem
(IPMIS),provedcapableof providingearly
indicationsof potentialproblems.Theeffectiveuse
of a projectscheduleenabledteammembersto
ident_"andaddressareasof concern.Timely
response,coordination,andeffectiveuseofproject
toolsbyteammemberspreventedproblemsthat
mighthaveharmedothertasks.

In theend,theESPOSCESteamdeliveredthe
suitsontimeandwithinbudget.NASAindicated

theirappreciationto ESPOby sendingpersonal
lettersto nearly100teammembersthanking
themfor "dedicatedsupportandhardwork"
Additionally,theESPOprogrammanagerreceived
twoseparateletters,onefromthechiefof the
Man-SystemsDivisionandtheotherfromthe
LaunchandReentrySuitprojectmanager.Both
citedtheexceptionalorganizationalandindividual
effortsmadeby theprocurementdepartment
personnel.

ESPOalsohassupportedtheJSCEngineering
andScienceDivisionsin thestudyof potential
crewemergencyreturnvehicle(CERV)subsystems
andacquisitionof theneeessa_"technologyfor
theirimplementation.TheCERVProjectOffice
requestedESPOmanagementto conducta rapid
responsestudythatfocusedthesubsystem
technologyeffortsin aworkqngvehicle
configuration.Withinoneweekthejoborderw-as
executed,theteamwasformed,anda working
"_ar room"wasestablished.A recommended
configm_tionwasdevelopedandpresentedto
NASA-JSCmanagement,anda presentationby
NASA-JSCwasmadeto theNASAassociate
administrator.

Keeping costs under control

Cost is controlled at the individual task level
and summed up to the total contract level for
both costs and funding. NASA-JSC authorizes the
labor hours and material expenditures; ESPO
controls the labor hour rate. Total contract costs
are controlled to individual cost elements such as
labor, travel, relocation, and overhead. Elements of
cost are incorporated into the self-evaluation plan
as total average labor rate, overhead rate, etc.
Every six months, we prepare a self-evaluation of
actual versus planned performance and review it
with NASA.

The ESPO cost reporting system provides a
process whereby ESPO informs NASA-JSC of
cost changes or concerns in a timely manner. At
all levels of cost reporting, we conduct an analysis
of cost to date, forecasted cost, and budget
variances. This analysis is included in the cost
report and provided to NASA-JSC shortly after
the close of the applicable accounting month.
Informally, cost data are reviewed in weekly status
meetings with the NASA-JSC technical monitor
and in monthly job order written reports. Long-
range cost concerns are documented as
memoranda and promptly transmitted to
NASA-JSC.

Significant savings

The cost-reduction program is operated by a
committee that includes representatives from each
operations department. The committee establishes
annual goals for cost savings; thus far, each goal
has been met or exceeded. Cost reduction



submittalsareevaluatedontheanticipated
dollarssavedfromanactionalreadyimplemented
andarefully supportedbyverifiablefacts.
Employeesarerewardedwithsavingsbonds
for verifiablesubmittals.ESPOencourages
employeesto developinnovativeideasthatwill
increasetheoperationalproductivityof
governmentprogramsin a morecost-effective
manner.

An analysisof approvedcostreductionsrevealed
thatmostcostreductionsremainin effectfor at
leastthreeyears;someareeffectivemuchlonger.
Thefirst-yearsavingsareusuallylessthanthose
in lateryearsbecauseof implementationcosts.
Notethat1987is thefirst yearthatwe
consideredcostsof implementation,sosavings
from1984through1986arecarriedthroughasis.
Figure1illustratesthemagnitudeof thecost
reductionsin effectfor 1986through1988.

Keep the customer informed

ESPO has an excellent record of communicating
with its customers. Because relationships between
ESPO employees and customers exist at maw
levels, responses to inquiries tend to be immediate
and informal. Even though we recognize the
advantage of the quality communication that is a
natural by-product of this close working
relationship with NASA, we realize that good
communication does not just happen. Therefore,
ESPO does all it can to keep the customer
informed and to maintain an environment of
openness and objectivity. We use regular meetings,
special meetings and presentations, and written
communications to stay in touch. Each job order
manager, for example, oversees a work group that
communicates weekly, or often daily, with the
NASA-JSC monitor. In addition, operations
managers conduct meetings with the NASA
technical manager's representatives and the
NASA division chiefs or branch chiefs on a

regular basis, frequently at weekly intervals.
Regular weekly and monthly job order reports
with clear, factual information in concise form are
submitted to the customer. In addition, a
quarterly progress reports cover all significant
work performed for NASA-JSC during the
previous three months.

The openness and objectivity of our
communications are illustrated by the types of
presentations and training we offer to our
customers to provide a dear understanding of the
mechanisms of our business management systems.
A business system presentation titled "Solving the
Project Control Puzzle" was given to ESC
technical managers in 1988. In addition, an eight-
week session on NAS 9-17900 Job Order/Project
Control was offered to NASA management in
January 1989. More than 30 NASA employees
participated. These types of interactions foster an
openness and objectivity that can be obtained only
when all parties are fully informed.
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Through the use of detailed written procedures,
we ensure that technical documents delivered to
our NASA-JSC customers are aeeurato and timel_:
For each deliverable document, a schedule is
prepared and submitted to the cognizant operations
manager. Each document is reviewed for technical
content by an independent reviewer before delivery.

Clear, concise, and factual information is
frequently exchanged with NASA-JSC as we
conduct several levels of technical reviews during
the development of projects. These include design
(conceptual, preliminary, and critical), acceptance,
and periodic status reviews. The NASA-JSC
review item disposition (RID) form, in conjunction
with action items, is the mechanism used to
identify a deficiency. Cost and schedule reviews
are Usually conducted between the NASA-JSC
technical monitor and the ESPO job order
manager; however, this type of information is
often included in technical status re_dews also.
Cost and schedule reviews using shared products
(common reports distributed to both ESPO and
NASA-JSC) provide managers of both organizations
the opporhmity to view the project in terms of
real cost and funding, enabling management to
agree on the remaining action items.

Quality assurance of support services

Our Quality Assurance Plan for Engineering
and Scientific Support Services, which is approved
by the NASA-JSC technical manager for the ESC,
describes quality requirements and responsibilities
for our contract. The quality assurance (QA)



requirementfor eachtaskis determinedand
specifiedin thejoborderbytheapproving
authorityat JSC.Thefollowingis the
interpretationof thejobordercategories:

Category"I: jobordersfor flighthardware
development,repairs,ormodifications.The
baselinerequirementsfor safety,reliability,and
qualityassurance(SR&O_)arespecifiedin NI:IB
5300.4(1D-2)or JSC-30000,part9 (if space
station).Threedocuments--theLEMSCOSafety
Plan,ReliabilityPlan,andQualityPlan--willbe
usedastailoredbytheprogramrequirements
document(PRD),thespecificationandassembly
drawing(S/AD),or theenditemspecification
(EIS).

CategoryII: jobordersfor payloadsand
experimentsdevelopedundercontractNAS
9-17900.TheLEMSCOSafetyPlan,Reliability
Plan,andQualityPlanwill beusedastailoredby
theexperimentplan,theS/AD,or theEIS.

CategoryIII: job ordersfor non-flight
equipment.ThesedonotrequireformalQA
procedures.GoodworkmanshippertheLESC
WorkmanshipInspectionManualandadequate
informaldocumentationto commercialstandards
areacceptable.

CategoryIV:non-hardwaredevelopmentjob
orders.A professionalenditemproductis
required.

An analysisof all jobordersshowsthatless
than15percentof ourworkfallsundercategories
I andII, whichhaverigidqualityassurances
proceduresthatareclearlydefinedand
documented.Theother85percentof ourwork
fallsundercategoriesIII andIV, in whichquality
assuranceactivitiesaredictatedbythenatureof
theproject.

_N Almost every customer interface yieldsan evaluation of our work

ASA SUMMARY ESPO
EVALUATION ESPO

TECHNICAL JOB ORDER
MONITOR* MANAGER

NASA 0,A personnel perform all on-site
inspection functions at the NASA-JSC facility,
even for ESPO-fabrieated hardware transferred to
NASA-JSC for interim or final testing. Therefore,
NASA O¢&personnel, with assistance from the
ESPO engineers and technicians located on-site at
NASA-JSC, perform the necessary tasks
associated with defect prevention on-site. ESPO
qA has the responsibility to perform these
Ametions for the hardware only when it is located
in the ESPO (off-site) facilities.

Because we are responsible for off-site qA
activities for hard,are that will eventually be
moved on-site, we have developed our OvAsystem
to mirror the NASA-JSC QA system. This
approach ensures continuity in tracking and
prevents the occurrence of problems,
discrepancies, or other unsatisfactory conditions as
we support NASA-JSC in the development,
design, purchase, fabrication, testing, qualification,
and repair of hard,are. ESPO's cooperative
interaction with NASA-JSC is illustrated by the
recent addition of the launch and entry suit to the
space shuttle program. ESPO provided the
procurement to NASA specifications, coordinated
the quality requirements with the vendor, and
wovided the quality receiving inspection functions.
The suit components were assembled and tested
at NASA-JSC with NASA QA surveillance and
tested by the Army and Navy with NASA/ESPO
quality designees. The flight data package was
prepared by ESPO, using common forms and
procedures. The suits were shipped to John F.
Kennedy Space Center and there were no
unresolved discrepancies.

If a problem or discrepancy is noted during the
performance of any hardware-related task, a
discrepancy report (DR) is _tten. A DR requires
a _ndtten disposition approved by both NASA and
ESPO engineers. The DR provides a historical
record as well as information to be used in trend

analysis. This Problem Reporting and Con'ective
Action (PRACA) system, which is common to
NASA-JSC and ESPO, ensures the smooth flow of

problem and discrepancy reporting as government
furnished equipment (GFE) hardware moves
between the Lockheed off-site facilities and the
NASA-JSC on-site laboratories.

In "addition to a formal problem-reporting
system, we have developed a combined NASA-
ESPO peer review and internal approval hierarchy
which ensures that only quality products, analysis
results, reports, and services are delivered. Each
ESC deliverable document receives an independent
review for technical content and conformance to

requirements. The breadth of task coverage and
peer review is evident in the 700 job orders
because virtually every NASA-JSC engineer in the
directorates we support critiques the quality of
ESPO products. This interaction is represented in
Figure 2.

The nature of research and engineering (R&E)
support requires services and flight hardware
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thatarefreeof defectsanddiscrepanciesat tile
timeof deliveryandacceptance.Productsand
servicesareeitheruniqueor arebuiltfor twoor
threeunitsat most.Accordingly,component
qualityisevaluatedat eachstageof aprocess
frombackgroundresearchthroughdesignand
modelingto thefinalformaldelivery.ForGFE
hardwareproducts,anacceptancedatapackageis
maintainedfor eachcomponentor unit.Fornon-
hardwareservices,a systemof peerreviewsis
usedto ensurecompletenessandaccuracyof
reportsandanalyses.Ourconsistentlyhigh
performancegradesdemonstratethatourservices
areerror-free.

TypicalservicesprovidedbytheESPOSP_QA
Officeincludethepreparationof FMEA/CILs,
safety analysis reports, hazard analysis reports,
and proactive participation in informal and formal
design reviews, test readiness reviews, acceptance
reviews, first article configtwation inspections, and
failure analyses.

In our business of providing support services to
NASA-JSC, measuring technical performance at a
microlevel is difficult because requirements change
frequently. _'ending against standards implies
fixed, stable requirements. Often the first task on
our job orders is to define or refine the
requirements for a system or project. When
requirements are undefined or are changing, the
application of preset standards becomes
counterproductive. Because nearly all of the
spaceflight equipment items developed or
processed by ESPO are produced in very small
quantities, there is no significant statistical basis
for trend analysis.

However, ESPO's in-house processes of
administration, procurement, fabrication, and
inspection are amenable to trend analysis. An
example of the success experienced through
performance of this trending is reflected in the
chart illustrating off-site (ESPO) Material Review
Board _fRB) formal actions per DR (see
Figure 3).

As reflected in the trend chart, the percentage
of in-house discrepancies requiring MRB formal
action has significantly decreased since 1986. The
dowmvard trend in MRB actions is of particular
importance because it signifies not only significant
dollar savings but also increased reliability of
hard,are. We perform trending on
nonconformances per total material dollars on
flight hardware job orders, as shown in Figure 4.

To provide a representative sampling of QA
activities for the highly diverse tasks we perform
on the ESC, we have selected sample areas for
discussion: software quality assurance, flight
har&vare and related services (as exhibited on the
SCES project), Crew and Thermal Systems
Laboratories (CTSL), and the Lunar Curation
Laboratory.

• Software quality assurance. ESPO's
software development process follows the
classic software development life cycle: system

engineering and analysis, software requirements
analysis, design, coding, testing, and maintenance.
This process is documented in our Software
Engineering Standards and Practices Guide.
ESPO also participates with Lockheed
Corporation in establishing the overall set of
standards, procedures, and checklists for software
development. Much of our software is developed in
support of engineering and scientific studies,
including simulation and modeling of systems that
have-d3_amic properties and frequently changing
requirements. This type of software development
is accomplished by creating a prototype of the
program that must be built. The prototype serves
as a mechanism for defining requirements. The
final _sion of the software is engineered for
quali_ _ and maintainability.

So_t_'e quality assurance, which is applied at
each step in the software engineering process,
begins with a set of technical methods and tools
to achieve high quality in both specification and
design. Formal reviews are conducted by the
technical staff for the sole purpose of identifying
quali_-related problems. Software development
activities are monitored to ensure compliance with
established standards and procedures and to
minimize rework during the analysis, design,
coding, and testing phases. Software testing
includes a series of test cases to ensure effective

error detection. Change control is applied during
software development and during the soft,are
maintenance phase to minimize the impact of
software modifications. Reporting mechanisms and
procedures establish a history of the software
development activities that aid in diagnosing and
correcting latent errors during the maintenance
phase.

Project and task management personnel
regularly review the progress of software
development projects. The ESPO office responsible
for the project software development conducts
reviews and audits in compliance with an approved
soft_re development plan. This plan includes, as
a minimum, a software requirements review and a
system design review addressing the entire
system, a preliminary design review; a critical
design review, and a functional and physical
eo_ffig-m_ation audit on each computer program
configuration item (CPCI) being developed.

Discrepancy detection, analysis, and correction
are controlled through procedures internal to and
managed by the developing organization prior to
CPCI testing. As soon as CPCI testing begins,
software discrepancies are subject to a dosed loop
co_Tective action process. Full formal discrepancy
reporting and corrective action procedures are in
effect throughout and after the formal testing
activity.

We have developed software applications to
monitor trends to improve the performance of
systems. One example of the use of trend data
in a software activity is the use of a QA



processor,developedbytheAdvancedPrograms
Department,to finderroneousdatapointsin
shuttleaerodynamicdatabasesthatMarshall
Space Flight Center delivers to NASA-JSC in
support of the liquid rocket booster (LRB) phase
A design project. The data bases consist of tens
of thousands of data values and are used for
ascent trajectory performance assessments of
candidate LRB configurations. The processor
locates spikes in the data bases; when it
encounters erroneous data points, it prints out the
incorrect _alues and creates a plot of the affected
aerodynamic data table. The processor successfully
automates a QA function that would otherwise be
an extremely tedious and costly manual process.

• The Pole Crew Escape System (PCES). The
PCES, or pole component of the SCES, was
designed to be used (in conjunction with the
launch and entry suit) to enable all crew" members
to safely escape from a disabled orbiter. Because
the flight hardw_are had to be functional in a life-
threatening situation, the level and ts_pe of QA
requirements and verification for this project were
ve_, stringent. Our intimate knowiedge of the
well-defined, yet complex, NASA SR&QA system
allowed us to respond quickly and to complete and
deliver a quality product on schedule. Working as
an extension of NASA-JSC, the ESPO project
team _vas required to meet rigorous NASA design
criteria and quality control standards. ESPO's
SP_SQA Department _-as a first-level check in
meeting NASA-JSC SR&QA standards. Final
checking and approval were governed by" NASA
and NASA's QA support contractor. The ESPO
SR&QA office also provided support to the NASA
project manager in the preparation and review of
project ceVdfication documents.

The project milestone review process is the
system used to monitor and assess processes for
all NASA hardware projects. As atypicaI
hardware project, PCES was developed through
tiffs process. Applicable milestones were addressed
in the data applicability matrix, a section of the
program requirements document (PRD). The data
applicability matrix provided a cheekIist to ensure
all revicnv milestones, documents, and reports
were assigned and completed. The PCES PRD,
prepared by a NASA/ESPO engineering team,
_,'as reviewed and approved by the NASA SR&QA
office. Once the document was approved, the
NASA Engineering Division was responsible for
meeting all agreed-upon requirements.

The hardware design phase of a NASA project
has two primaD" milestones--the preliminaD"
design review (PDR) and the critical design
revi_- (CDR). The design review boards are
staffed by engineering branches as well as
SR&QA. Any concerns or discrepancies in the
presented material are formally addressed on
review item dispositions (RIDs). Each RID is
subsequently catalogn2ed and tracked to the
point of its resolution. The status of each RID

is presented to the design review board. All RIDs
must be resolved shortly after PDR and CDR
presentations. During PCES development, RID
closeout actions were reviewed at weekly meetings.

To ensure that the provided services were
en'or-free, the PCES hard,_are QA inspection
included 100 percent verification of the PCES
design requirements, which were identified on
engineering drawings released in accordance with
the NASA Engineering Drawing System. ESPO
engineers followed NASA-JSC procedures for
identifying critical dimensions and processes, and
for release of the drawings. According to NASA
procedure, once a drawing is released, it becomes
a controlled drawing.

Engineering changes to controlled drawings are
monitored and documented through the use of
drawing change notices (DCNs), which share the
same review and appro_-al cycle as drawings. Once
a DCN is approved, it becomes part of the
released drawing. The manner in which drawings,
DCNs, and documents are monitored ensures
that the serx4ces and hard.are produced will be
of the specific configm_ation identified on the
drawing. Using the inspection process,
discrepancies were quickly identified and
corrected, allowing the team to meet stringent
schedule requirements.

• CTSL--an engineering laboratory complex.
In the CTSL, we provide laboratory and facility
support services for the operation of the thermal
_aeuum and altitude chambers. We operate and
maintain the systems for mcuum pumping, solar
simulation, cl3rogenies, manual operations, and
instrumentation. One tool used to prevent
problems and discrepancies is the test preparation
sheet (TPS), which is written by qualified
engineers and approved by their immediate
supervisors. If a discrepancy should occur, a DR
is written. The DR is reviewed and a disposition
is made by qualified engineers. A signature loop
has been established to provide optimum quality
re_4ew of operating procedures used in
maintaining facility readiness.

Mandatory inspection points _'IIPs) are placed
on TPSs by QA personnel to ensure that all
aspects of design meet and conform to the
intended ptuT)ose. The facility engineer monitors
all work, vel_ying conformity and compliance to
each required task.

Work control center personnel monitor and
process all work orders, tracking the status and
completion date of each order in the data system.
Work is also tracked by means of the division
schedule, which documents project start dates and
completion dates for all work conducted within
the services contract. Any problem that changes
the status of a work order is resolved by the
responsible project leader.

All documents associated with the test

programs are tracked from start to finish on a
computerized system. The documents include
TPSs, DRs, test plans, FMEAs, and data

u_
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Downward trend in off-site MRB actions per design review over a two-year period
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requests. This system provides management
Visibility of the work processes to ensure that all
problems are resolved quickly and that quality is
built into each step of the testing services
provided to NASA-JSC.

To provide services free of defects,
discrepancies, and other unsatisfactory conditions,
ESPO established a training plan for all critical
personnel. The training plan is backed up by
certification procedures to verify that only
certified personnel operate critical duty station.
Approximately 100 engineers and technicians
oversee more than 200 critical duty stations. To
optimize productivity, each person is certified on
more than one duty stations. The certifications
are reviewed on a regular basis, and also when a
major modification occurs in a facility. The review
process ensures that our team is certified and
ready to perform quality services for NASA-JSC.

One CTSL procedure is the use of the System
Test Branch Productivity Survey" to improve the
services provided to NASA-JSC. Both the test
director and test requester are required to
complete a survey form after each test. The
completed surveys provide data on test objectives,
test performance, schedules, resources, procedures,
and facilities. All surveys are compiled and
entered into the computer data base to rate
performance and log trend tendencies. The data
are used to upgrade procedures, operations, and
facilities.

• Lunar Curation Lab--a science laboratory.

Planetary materials--which include lunar samples,
meteorites collected in Antarctica, and cosmic dust

particles collected _T high-flying aircraft-are
curated in this lab at JSC with the support of
ESPO. The term "curation" means protecting
samples from contamination and loss, close
accounting of changes in physical attributes of
samples (such as containerization, storage location,
weight, and scientific description), subdividing and
preparing samples for distribution to principal
investigators (PIs), and interacting with PIs and
the public. Over the past 20 years, written
woeedm'es have been developed to maximize the
sanctity of samples and minimize waste.

The physical state of the lunar sample collection
is documented in verified data packs and
computer data bases. The lunar data base is
verified annually by inventory and daily by
computer procedm'es. The number of discrepancies
discovered by this process has been reduced to
zero, while the number of individual, accountable
pieces of lunar samples has grown to 65,000.

All sample-related activities are specified by
curatorial orders (work action documents) that are
tracked using a computer information system.
This data base is updated and reviewed weekly.
Target completion dates or notes pertaining to
pending actions are monitored until the work is
finished.

Computer error-checking, which contributed
to the zero discrepancy rate shown in Figure 5,

has evolved over the years. As patterns of errors
were detected, actions were taken to prevent
recurrence.

Using human resources efficiently

ESPO workers can reach their full potential
through the matrix project management
organization that has been implemented over the
last seven years. This organization has made us
very flexible, adaptive, and responsive to NASA-
JSC needs. Level-of-effort support contracts have
a tendencs, to constrain empl%_ees to a routine set
of tasks. To combat this tendencs; ESPO uses
matrix management to provide expertise from one
area for a problem in another. This is
institutionalized at the ESPO operations manager
level, which serves a particular NASA-JSC
division, and is used on a tiger-team basis at the
program level when NASA divisional lines are
crossed.

In the last seven years, the sharing of expertise
across organizational lines has increased the
willingness of employees to take risks, be
independent, identify with the company, and
seek new opportunities within the company.
From the compaw standpoint, the process has
resulted in developing the next generation of
managers and reducing costs by making
employees familiar with multiple processes and
areas of operation.

To maximize the cross-utilization of hourly
employees in the matrix structure, we combined
two union bargaining units in 1987. The new
union agreement is uniquely tailored to the
support services business, with work rules that
allow cross utilization of skills both within the
union and with professionals.

One of the benefits to NASA from a multiyear
contract with ESPO is the continuity" of
operations that comes from using experienced
personnel. This helps minimize program risk.
The work force must be continuously _italized,
however, to maintain skills and stimulate
improvements. Continuously recruiting new
graduates and hiring senior specialized
personnel has resulted in a balanced work force.
Our practice of filling vacancies from within and
then backfilling vacancies at the lowest practical
salary grade has enabled us to control costs while
providing an infusion of new talent.

Our commitment to improvement

Our initiatives in software utilization,
automation, and artifical intelligence (AI) make
up most of the submittals in our cost reduction
program; in fact, 96 percent of the 1988 cost
reductions fall into this category. These
improvements are implemented on a project-by-
project basis on indMdual job orders.
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A highly _@ible example of ESPO's expertise in
software utilization is the mission evaluation
workstation development and the reporting of this
software to the RockwellfDo_mey Sun
workstations. This project, implemented in real
time during the STS-26 mission, earned our team
commendations from NASA.

Specific examples of software utilization
facilitated by the Technical Information Processing
System (TIPS) include:

• automation of drafting operations.
• integration of CAD/CAE on major projects

such as the PCES project.
• use of a common computer data base to

replace paper files such as our mechanical systems
data base.

As part of the continued pursuit of improvement
through software, we are evaluating the
applicability of computer-aided software
engineering (CASE) for the ESC. Currentls, less
than 5 percent of professional systems analysts in
the United States have such an automated tool.
An in-house productivity study involving 52
engineers from nine engineering departments
shows that we perform a number of tasks on the
ESC that could be improved by using a CASE
tool. Data from the study indicate a potential
productivity increase of 19 percent on software
projects, with the Iargest improvements in
configuration control, software documentation, and
software maintenance. The use of CASE will also
increase the quality of software products.

In order to gain maximum benefits from our

software, our Information Services Section
conducted a user survey and introduced a series
of short courses, based on survey results, designed
to enhance user productivity. These two- to four-
hour courses, conducted during the workday, cover
applications such as IPMIS, dBase, Wordperfect,
and Lotus.

Automating many processes throughout the
company e_hances efficiency. Automation of the
personnel requisition process is ongoing. In 1988
we automated the ALERT system for identifying
and tracing hardware parts. Our system for
controlling materials and supplies for six tool cribs
_s automated in 1987, and is operated by ESPO
on-site. Bar-code scanning systems and related
software were acquired to keep track of parts and
other government-furnished equipment in ESP0's
possession. Ten PCs were purchased to support
the system. By automating this process, inventory
now takes a few days instead of a few weeks.

We hax_'edeveloped AI applications related to
system fault isolation and recover3, monitoring
and control, and planning. Intelligent fault
diagnosis systems developed by ESPO are applied
to problems that range from analyzing
communication network problems to isolating the
failure of individual components on a printed
circuit board. We are developing knowledge-based
monitoring and control software for space
station engineering test beds, shuttle simulators,
and medical research systems. One system
under development is the planning system for
a mobile, autonomous robot developed to
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evaluateconceptsfor acrewandretrieve
equipmentin space.Planningsystemsalsohave
beendevelopedfor spacestation
reconfi_rationandmanagementof thepayload
integrationprocess.

Equipment modernization increases
ESPO's productivity

The implementation of
TIPS (Technical Information
Processing System) over a
three-year period represents
our largest individual effort
in equipment modernization.
TIPS consists of an operating
network of computers,
engineering workstations,
PCs, word processors, and
associated software and
communication links

specifically designed to
increase the productivity
of the work force. The

system was developed to be
compatible with the NASA-
JSC computer systems.
TIPS provides ESPO with
an All-In-1 node on the

NASA-JSC R&E network, a
significant processing
capability, added local area

networks, and additional desktop CAD/CAE
workstations. Word processing, engineering
equations, and software programs are
electronically integrated using TIPS, and
electronic communication is available through
the All-In-1 node. This allows two-way
communication between NASA-JSC and ESPO.
In 1988 we added a microwave link to our

communications system so that the new
Lockheed Plaza 4 could have efficient access to

the VAX computing resources.
We define the productivity gain from TIPS as

the added value derived from TIPS (based on
our measurements) divided by the cost of TIPS
to NASA-JSC, which is the cost of operations
and maintenance. Based on measurements of

drawings produced on our technical design and
drafting system, connect time of our
mechanical engineering and design system, use
of PC workstations, and network activity of
our electronic mail system, the total added
value of TIPS to ESC is more than twice the
cost of operations and maintenance.

In 1988, ESPO installed a new, modern
ROLM PhoneMail system to improve
responsiveness and communication with our
NASA-JSC customer and within our

organization. A computer-controlled message
system, PhoneMail allows the NASA-JSC
customer to reach ESPO employees with

critical information and increases our

responsiveness to requests. In addition,
employees are able to give full attention to
their work because the need to answer co-

workers' telephones is eliminated. The system
is expected to save about $3.8 million a year by
reducing the time spent locating co-workers
and taking messages.

V
"Leadership, as we intend
it, includes several factQrs.
A leader leads or is

proactive rather than simply
reactive. A leader innovates

ways to produce the
required results, however
difficult the task, and

enhances performance in all
areas. Brilliant leadership
includes breakthroughs in
performance, as well as
steady uptrends in
performance."

--LESC President

Bob Young Jr.

Energy conservation provides savings

The Lockheed Plaza complex is an example of
our initiative in energy conservation. These two
modern buildings have a common energy
management system--for lighting, heating,
ventilation, and air conditioning--made by
Staefa Control Systems (SCS). Thermostats
throughout the buildings are monitored and
controlled by a central computer. Staff
personnel can easily diagnose and correct
temperature variations with a few simple
keystrokes. They can also set different
temperatures for times when the buildings are
not in use. This system controls energy use and
reduces labor costs by centralizing and
automating data collection.

The customer is satisfied

There is every indication that LESC ESPO is
keeping the customer satisfied. We have been a
recipient of the Johnson Space Center Team
Excellence Award in both 1988 and 1989. The

Team Excellence Award recognizes us for
demonstrating outstanding dedication and
commitment to quality and productivity in
support of manned spaceflight. The awards
have been presented personally by JSC
Director Aaron Cohen and center Deputy
Director Paul Weitz in ceremonies held at

Lockheed Plaza 2. All employees were invited
to the ceremonies to share in the celebration.
LESC further rewarded its employees by
conducting an after-hours celebration. LESC
President Bob Young accepted the awards on
behalf of the employees for their high quality
products and services and for their leadership
and commitment to continuous improvement.
Other speakers at the event have included
Virginia Thompson, NASA contracting officer;
Marc Broussard, NASA ESC technical
manager; and astronaut Karol Bobko.
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Focus on the organization

Top managers prove they

are committed to quality

If a company wants to successfully implement
quality and productivity improvements and
create an environment that fosters total
awareness of such goals, its management must
be committed for the long term. This is the
case at LESC ESPO.

The oft-stated goal of LESC President R.B.
"Bob" Young Jr. is "to be and be recognized as
the service industry quality and productivity
performance leader." Young's long-standing
commitment to quality and productivity in the
workplace is demonstrated by his participation
in every annual NASA/contractor conference, as
well as the 1984 and 1986 NASA National

Symposiums on Quality and Productivity. He
was a featured speaker at the 1986 NASA
Symposium on Quality and Productivity in
Washington, D.C. Young currently serves as the
contractor co-chairperson for the NASA-
JSC/Contractor Team Excellence Forum and
speaks throughout the country about the
importance of achieving quality and
productivity gains in American business.

Young wants to develop leaders within the
company. To do this, he created the Distinctions
of Leadership course. The course, which is
taught by Young, is open to all ESPO
employees. NASA-JSC personnel are also
invited. This seminar provides each participant
with the unique opportunity to learn the
company president's views on responsibility,
accountability, built-in quality, and leadership.
Top management volunteers support the
Distinctions of Leadership program as coaches;
these coaches are trained in a course titled
Coaching for Superior Performance. The
Distinctions of Leadership course establishes a
proactive environment--one in which people
seek innovative, creative approaches to work
instead of sitting back and reacting to problems
when they occur. This proactive, take-charge
philosophy stresses building quality into all
products and services. Since 1984, 348
Lockheed employees, including two-thirds of the
managers, and 30 NASA-JSC personnel have
attended the Distinctions of Leadership course.

Our managers are actively involved in
productivity and quality efforts both within the
company and in the NASA-JSC community at
large. Our program manager, M.M. Miller,
participates in the NASA-JSC Strategic
Planning workshops on a regular basis. An
ESPO director serves on the NASA-
JSC/Contractor Team Excellence Forum's

Strategic Planning Committee, and an ESPO
manager is the chairperson of the Contract
Incentives Committee of that forum.

Within the company itself, ESPO top

managers actively plan, disseminate, and
recognize our process improvement and quality
enhancement (PIQE) attainments. Each director
is responsible for at least one of our standing
committees, which form the primary
institutional structure for PIQE processes at
ESPO. These standing committees meet
monthly to plan, implement, and track progress
on PIQE programs that implement ESPO long-
range goals. Directors either attend the
monthly committee meetings or receive a
detailed briefing that is in turn reported on at
the program manager's staff meetings.

To improve productivity, our management has
strongly supported the establishment of
electronic and computer networking.
Widespread use of electronic messaging,
automated personnel requisition and purchasing
systems, and other such programs has become
standard procedure at E SPO.

Perhaps the strongest sign of management's
support for enhanced quality and productivity is
the allotment of money and people. Over the
last five years, ESP0 has spent more than $6
million to implement projects initiated by
employee teams. These projects include the
development of the Artificial Intelligence
Laboratory, the implementation of the
Interactive Program Management Information
System (IPMIS) for job order control, and the
acquisition of TIPS. In addition, an ongoing,
long-term management development program
has been implemented to provide a common
background of understanding for our
management team. To accomplish this goal, a
series of training programs that include
productivity and quality policies and methods
has been developed and implemented; 62
percent of the managerial employees
participated in one or more of these courses in
1988. The management-development training
budget for 1988 was increased by 5 percent
over the 1987 budget, representing our capital
commitment to ensure the quality and
continuity of our management team.

In addition to the support given through the
commitment of capital, our PIQE programs are
supported through the commitment of human
resources. Our Productivity Office, managed by
an industrial engineer, provides a focal point
for the development, implementation, and
tracking of PIQE activities. In 1986, we created
the position of the SR&QA Office manager,
which had been a shared duty in the past. In
addition, we increased the staff support in the
SR&QA Office to meet the increased demands
of ESC. This increase allowed us to assign
SR&QA engineers to work with project teams
in the .design and development phase of
hardware projects to ensure built-in quality.
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Keeping track of PIQE goals

PIQE goals are communicated from the
program and branch levels to operations
managers and to their employees in many
ways. Compaw newsletters and fliers,
distributed to all employees, describe PIQE
goals, projects, and rewards; they also

and describe classes, innovative
actMties, and cost-reduction
efforts. In addition,
announcements of special
training sessions are carried
on the Lockheed VAX

system. Programs are also
described and announced
through interdepartmental
communications (IDCs) and
operations reports. All

activities that improve quality and productivity
are reported weekly in operations reports,
which are sent regularly to each branch
director and manager. Managers communicate
pertinent information through a variety of other
means, including electronic mail, department or
section meetings, and goals set for each
employee during the employee performance
appraisal process.

PIQE goals and information are made known
through various classes. Classes on TIPS,
automated administrative systems, and
productivity-improving software and hardware
are offered to all employees. For new
employees, orientation sessions serve as an
important vehicle for disseminating PIQE
information. To accommodate the constant
influx of new people (about 10 per week),
all new employees attend an initial orientation
session on their first day at ESPO. Information
is provided on the PIQE programs, and a point
of contact is identified. The full orientation
session is conducted monthly by top
management and includes both a slide show of
general information and an informal question-
and-answer period.

Each year, company goals are set in the
ESPO Performance Plan, an overall plan
that establishes specific, measurable objectives
for performance in the areas of finance,
business, and organization. Even the most
worthwhile goal is useless, however, without an
effective means of implementation. Out"
established standing committee structure is the
tactical mechanism for implementing
improvement goals. This ongoing, standing
committee activity is the primary means by
which PIQE goals are stated, implemented, and
tracked. Each standing committee has
representatives from all levels: an ESPO
director oversees it, an ESPO manager is
committee chairperson, and committee
members come from each branch. Standing
committees include the following:

• College Recruiting
• Cost Reduction

• Employee Awareness

• Management Development

• IPMIS

• Safety

• Technical Training
• Technical Excellence

One example of the dynamics of standing
committee action is tile creation of monthly
orientation sessions for new employees
mentioned prmqously. The Employee Awareness
Committee, a standing committee composed of
employees at all levels, identified the need for
the additional orientations, developed a new
employee orientation handbook, and presented
the plan to the directors for their approval. The
directors approved the plan and implemented it;
these top managers now, work with committee
members to present the monthly orientation.
Other examples of PIQE accomplishments can
be found in Table 1.

To ensure the enhancement of productivity
and quality, it is not enough to formulate,
implement, and promote objectives.
Performance must be measured at every level
to assess the program's effectiveness. The
PIQE goals are part of the scorecard by which
the program manager is evaluated at the
corporate level. In turn, productivity goals are
part of the criteria for appraisal of each
manager within the program. The Employee
Performance Appraisal program is used to
assess employee performance. It is an ongoing
process consisting of three phases: performance
planning, performance monitoring, and
performance evaluation. Through this process,
employees receive ongoing feedback. Clarity of
goals and accountability for performance are
the two primary products of this process. The
appraisal form includes a rating based on
several different performance attributes,
including leadership, progress in reaching
productivity and quality goals,
entrepreneurship, communication, and initiative.

For specific quality and productivity
enhancement projects, standing committees and
the Productivity Office develop performance
measures and provide feedback to the affected
organizations. We measured and documented
engineering productivity in the six productivity
studies that laid the background for TIPS, for
example, and we are currently measuring the
use and productivity of TIPS. We measure the
efficiency of IPMIS on an ongoing basis. Our
administrative Operations Department measures
space utilization (square feet per person) and
telephone trunk line use to track efficiency and
effectiveness.

"'Communication is

something different than
taking turns talking; it's
taking time to listen."

--Astronaut
Don Williams
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1988standingcommitteesandPIQEaccomplishments

Standing committee

College Recruiting

PIQE accomplishments

• Responsible for 740 on-campus interviews in 1988

• 166 job offers made_ 67 accepted and were hired (40.4 percent).

Cost Reduction •

Employee Awareness •

'l "

' Management Development •
[

Interactive Program •
Management lnformat;on
System (IPM IS)

Safety •

Technical Training •

Technical Excellence •

50 employees received awards for verifiable submittals.

1988 submittals totaled $11 2 million.

Implemented a security awareness program.

Conducted the JSC Team Excellence Award ceremony and
celebration.

Conducted a needs assessment survey.

Presented 7 courses, with 267 employees participating.

Task management - Improved system to review and determine
disposition of change requests.

Finance - Evaluated financial data processes and reports.

Pu rchasi ng/Logistics - Developed a Support Contractor Purchase

Request (SCPR) priority system.

Personnel- Automated the P-1 organization and approval
process and the tentative employment offer process.

Security - Assessed compliance to Lockheed security guidelines.

Conducted quarterly inspections of Engineering Support
Contract (ESC) facilities and provided feedback.

Improved the storage method for flammable materials.

Presented 26 courses to 481 participants

Improved publicity through on-line listing of courses on the
Lockheed VAX.

Established a new technology review for Public Information
Clearance (PIC).

Sponsored monthly technical forums and compiled the ESC
Technical Excellence Plan.

Open communication promotes
excellent performance

Because of our strong belief in the
importance of open communication, we have a
documented open door policy included in our
management directives. This formal policy
provides a means by which all employees, at
their request, can obtain a formal review of
their employment through discussion with their
immediate supervisor, or higher supervision
when necessary, with the counsel and advice of
a member of the Employee Relations staff. This
formal policy, however, is just the beginning.
The open door policy is encouraged on a much
more informal basis at all levels throughout
ESPO. Managers meet freely and frequently
with individuals and groups at all levels to
discuss technical problems, productivity

enhancement, cost reduction, employee morale,
and career counseling.

A prime example of these open
communications is the annual Top Management
Night; It is conducted by the Lockheed Houston
Chapter of the National Management
Association (LHC-NMA), which is sponsored
and strongly supported by ESPO. Any employee
can submit questions, anonymously if so
desired, which are then assigned to various
members of top management. Every submitted
question is addressed. Top Management Night
is perhaps the most popular and best attended
meeting on the annual NMA agenda.

Ethics training is yet another means we use
to foster an environment of open and frank
communication. Since 1987, more than 400
key personnel have attended a four-hour
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ethics briefing. New employees also view an
ethics film and attend a one-hour ethics
orientation. The rationale behind company
policies and procedures that have ethical
ramifications is explained, thereby creating a

foundation for open
communications.

Participants are encouraged
to explore ethics issues for
themselves through a series
of discussions on actual and
hypothetical situations.

We also have a company
hot line number, published
in the telephone directory,
that allows employees to
raise any issue
confidentially. Company
policy establishes a specific
evaluation process for each
report.

Open communication is
the foundation for the
teamwork that enables
smooth organizational
functioning. How this

concept actually works at E SPO was reflected
in a survey conducted by the American
Productivity and Quali V Center (APQC). The
survey was designed to identify and compare
corporate culture attributes in companies that
are widely recognized as excellent
organizations. ESPO was one of 13
organizations chosen to participate. Employees
responded confidentially to questions regarding
teamwork and cooperative behavior within work
groups, trust and credibility among managers

V
"Today we see many
businesses paying lip
service to the importance of
quafity. What they fail to do
is empower their employees
to bring about quafity
improvement--to equip
them with the tools, the
training, and the thrust, and
turn them loose to show
what they can do, And when
you're providing a service, this
is perhaps the paramount
determinant of quality.'"

--Admiral Richard H. Truly
NASA Administrator

Positive responses on corporate

ESPO responses (percentage)

Survey average (percentage)
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and employees, and organizational functioning
and the ability to get the work done. The
positive ESPO responses, shown in Figure 6,
exceeded the survey average, indicating that an
environment of honest communication exists
within ESPO.

Training programs enhance
performance

ESPO training programs and courses are
designed to respond to a range of needs as
broad as the services we provide. The program
includes timely technical courses, ongoing
laboratory training and certification,
management skills courses, group process
training, and personal development programs.

The technical training program offers a wide
array of courses based on recommendations by
the department managers and designated
training representatives. The recommendations
are formulated through an analysis of current
and projected job requirements. Training
opportunities are publicized through
eompanywide memos and through an on-line
listing of technical training information on the
Lockheed VAX. The courses are conducted in-
house and are directly related to the employees'
work.

In fiscal year 1988, 26 courses were
completed by 481 employees, the most
employees ever to participate in such programs.
The number of courses offered also reached an
all-time high in 1988. This reflects ESPO's
priority of training employees for current and
future required ESC tasks.

The increase in course attendance is due, in
part, to the 1987 change that allowed flexible
work hours to accommodate education
programs and training classes during the day.
This flextime policy is coordinated by the
employees' supervisors to make sure schedules
are maintained and to make managers aware of
employee education.

The Technical Excellence Committee sponsors
forums on new and evolving technical
capabilities so that achievements gained in one
area of the ESPO program can be disseminated
throughout the work force.

Personnel assigned to on-site laboratories
receive certification training required for their
specific operations area. On-the-job training is
used in combination with lectures, study
material, videotapes, and examinations to
train lab personnel in a variety of techniques
such as propellant handling, cryogenic fluids
handling, and instrumentation. Laboratory
personnel also undergo periodic refresher
training and reeertification (in most eases,
annually), and specialized training on new
hazardous material handling techniques and
improved hardware testing and safety
procedures. This training is conducted on an
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ongoingbasis,andeachlabhasstrict guidelines
onthetrainingandcertificationrequiredfor all
employeesin thearea.

ESPOrealizesthereis acriticalneedfor
peoplewith superiormanagementskillsto
properlymanagehighlyskilledanddiversified
technicalwork.Therefore,wehaveimplemented
anongoing,long-termmanagement
developmentprogram.Thisprogramprovidesa
commonbackgroundof understandingfor our
managementteam.Todesigntheprogramto be
responsiveto theneedsof managersand
supervisors,weconducteda needs-assessment
surveyin 1988.It uncoveredtheneedfor 11
courses,sevenof whichwereimplementedthis
year.Theremainingfour coursesarebeing
developed.A totalof 267 employees have
completed one or more of these courses.

In addition, 334 employees completed 3,456
hours in 24 management and supervisory
courses offered through the LHC-NMA from
1986 to 1988. These curricula included courses
ranging from the first-line supervisory program
to advanced management studies, as well as
special topics such as understanding and
managing stress.

Training in group process, problem
identification, and solution training is included
in several NMA and technical courses. Our

project management course stresses a systems
engineering approach to problem identification
and solution, along with the value of the group
process through brainstorming and participative
decision making.

The majority of NMA courses are taught by
ESPO employees. Managers are encouraged to
teach these courses. For example, our director
of management support leads the Situational
Leadership Course. Because of the demand for
the course, however, he has trained five
additional course leaders from the management
team.

V
"Successful space flight
requires attention to detail."
Overcoming the hostile
environment of space
"takes teamwork and total

quality management.
Lockheed has demonstrated
that."

--Aaron Cohen
NASA-JSC Director

Keeping employees healthy

In the belief that a healthy employee is a
more productive employee, ESPO has created
and made available programs that address
personal well-being. We have a full-time center
director who provides personal health
counseling. Our facilities, located in Lockheed
Plaza 1 and 4 buildings, include two aerobics
rooms and a weight room. Personal
development programs include 20 programs
presented by the Lockheed Wellness Center in
1988, including seven health screenings with a
total of 360 participants and lectures/workshops
with a total of 251 attendees.

Educational activities are conducted on a

continuing basis to create positive lifestyle
changes regarding personal health. Classes
are offered in nutrition, weight control, high

blood pressure control, smoking cessation,
biomechanical analysis, cardiopulmonary
resuscitation, and stress management. Last
year, 45 percent of our employees participated
in at least one aspect of the program.

Our approach to occupational safety and
health provides a uniform administration of our
safety and health plan, which has been
developed in accordance with the requirements
of the JSC Safety Manual; NASA-JSC
Instructions, Directives, and Policies Relating to
Safety and Health of NASA; and applicable
federal law. We recently initiated a
comprehensive three-hour safety training course
for all management and supervisory personnel.
Specific training on
hazards_in the
Thermoehemical Test Area
are taught in-house. The
pre-employment drug
testing program, which we
instituted in 1987,
emphasizes our concern for
tile well-being of present
employees and our
commitment to NASA to

provide quality personnel.

All levels are

involved in PIQE

Our corporate culture focuses on a
combination of employee participation and
managerial support to solve problems and
improve processes. The resulting teamwork that
is ingrained in our standard operating mode is
a reflection of ESPO's and NASA-JSC's
commitment to achievement through team
excellence. Team participation is such a normal
part of work in ESPO that many teams operate
without formal labels that identify their
projects. Teams make no distinction between
salaried and nonsalaried employees. Rather, we
define a team simply as a group of employees
who voluntarily join together in an effort over
and above their normal work requirements.
These teams submit and implement innovative
ideas; initiate cost-reduction activities; and
improve the quality and productivity of systems,
processes, procedures, and products.

A total of 726 employees participated in 48
teams in 1988 (Figure 8). Using a baseline of
1,809 employees, this participation represents
40.3 percent of the work force. In 1987, 281
employees participated in teams; in 1986, 242
participated. The large increase in participation
in 1988 is attributed to the maturation and

stabilization of operations following the ESC
transition. The large number of employees who
were hired for the ESC have become acclimated

to the ESPO team approach and their new jobs;
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hence,theyarenowableto becomeinvolvedin
employeeteams.

Employeeinvolvementactivitiesat ESPOare
manyanddiverse.Theyrangefromhighly
technicalworkgroupsthat developsophisticated
computerprograms,to casualor entertainment-
orientedgroupssuchastheHoustonEmployees
Recreation Organization, which promotes and
coordinates the LESC dinner dance, the annual
family picnic, and a variety of sports leagues
and tournaments.

The formulation of specialist teams across
organizational boundaries is a natural outcome
of our project team approach to problem
solving. For example, an improvement project
that focused on travel operations involved
employees who travel, secretaries, managers,
and personnel from travel desk operations,
accounts payable, information services, and
headquarters. Likewise, a project to obtain and
implement computer-aided software engineering
(CASE) involved the collective efforts of 52
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engineers from nine departments. Of 48 teams
documented in 1988, 12 have members from
more than one department.

Employees working together in a team
committed to productivity enhancement often
uncover opportunities to save significant
amounts of money. The following is a partial
list of PIQE projects implemented in 1988 that
increased productivity and improved quality.
Included are their estimated first-year savings.

• Solar Exploration Systems data eonversion
to compatible format, estimated savings: $2.01
million.

• SES simulation data transfer: $9..35
million.

• VAXPL(YI', a plotting program for the
VAX: $1.98 million.

• Still-frame digitization improvements:
$476,600.

• On-line job order plan reporting: $841,300.
• Use of three-dimensional workstations:

$484,300.
• Automated mission planning systems:

$402,200.

• Automated purchase order system:
$160,400.

• Orbiter mechanical systems data base:
$78,ooo.

• Office supply automation: $33,500.

In 1988, 50 employees received awards for
verifiable submittals totaling $11.2 million in
cost savings. The total savings documented
through this program since 1984 is $55.4
million.

Employees receive meaningful
rewards

ESPO provides a wide array of award and
recognition activities. Recognition is based on
contributions and achievements and can be

given on any of the following bases:
• Individual. On an individual basis, 707

employees, comprising 39 percent of the work
force, were recognized for their innovations and
improvements in 1988.

• Work groups. Forty-three teams,
comprising 37 percent of the work force, were
recognized for team achievements in 1988.

• Organizational. Occasionally, work sections,
entire departments, or all employees who
worked on a particular project receive
commendations for outstanding performance.

Reeommendations from managers and
branch directors, seleetion by our Cost
Reduction Committee, and being published
in technical journals form the basis for our
in-company employee award/reward programs.
Moreover, we often follow up employee
recognition by our NASA-JSC customer
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with ESPOcommendationsandawards.The
followingtypesof awardsproviderecognitionto
individualsandgroups:

• Thenewtechnologyprogramaward.This
cashawardis presentedfor invention
disclosuresandnewtechnologyreports.New
technologyawardsaregivenperiodically,
dependingon thenumberof submittals.Four
employeesreceivedtheseawardsin 1988.

• Theperformanceincentiveprogram(PIP)
award.Employeesarerewardedwithcash
bonusesfor outstandingworkperformance.The
bonusescanbeinitiatedat anylevelof ESPO
managementandmustultimatelybeapproved
bytheprogrammanager.PIP awardsaregiven
throughouttheyear.

• Thepublicationaward.Thisis a cashaward
to recognizean individualor agroupfor
publicationin a technicaljournal.Publication
awardsaregivenfrequentlythroughoutthe
yearbaseduponpublicationacceptance.

• Letter of commendation.Theseletters,
whichrecognizeoutstandingperformanceby
individualsandgroups,areusuallybasedon
recommendationsbydepartmentmanagersand
approvedbybranchdirectors.

• Thecostreductionaward.Administeredby
ourCostReductionCommittee,thecost
reductionawardrecognizesindividualsand
teamswhoseeffortshaveresultedin significant
costreductionor costavoidance.The
ProductivityOfficeverifieseachsubmittal.Cost
reductionawardrecipientsarerecognizedat
quarterlyawardsceremonies.Toenhance
visibilityof theseachievements,theawards
ceremoniesin 1988wereheldat on-siteandoff-
site locationsadjacentto theworkenvironment
of theawardrecipientssothat co-workersand
NASA-JSCcounterpartscouldattend.Cost
reductionrewardsandrecognitioncanbein the
form of certificatesof commendation,cash
awards,U.S.savingsbonds,desksets,
calculators,sportstickets,or gift certificates.

• Miscellaneousawards.In 1988,391
employeeswererewardedwith sportsticketsor
restaurantgift certificates.Recipientsare
recommendedbya departmentmanagerand
approvedbythebranchdirector.Themajority
of therewardsarebasedonlettersof
commendationreceivedfromNASA.These
miscellaneousawardsarepresentedfrequently
throughouttheyearto recognizeoutstanding
contributionsastheytakeplace.Theyareoften
presentedat theprogrammanager'sweekly
staffmeetings.

In additionto in-companyawards,ESPO
participatesin thecompetitionfor theRobert
E. GrossAwardfor TechnicalExcellence,which
is awardedyearlyby theLockheedCorporation.
Eachbranchnominatesa candidate,whomust

bea non-managerialengineeror scientistwho
demonstratestechnicalexcellence.Oneor more
namesareselectedasfinal nomineesto
representESPO,andthesenamesarethen
submittedto theLockheedCorporationfor
consideration.An ESPOnomineehaswonthe
awardfourof thesevenyearsthat theprogram
hasexisted.

After LESCESPOwasselectedto receive
the 1989NASAExcellenceAwardfor Quality
andProductivity,managementdecidedthat
everyone'scontributionshouldberecognized.A
teamof ESPOemployeesarrangedamidday"
ceremonysothat all couldattend.Recognizing
that ourpartnershipwith
customerswasandis
crucialto success,JSC
personnelwerealso
invited.Nearly3,000
peoplewerebussedto the
event,whichfeaturedtop
LockheedandNASA
management.After the
ceremony,theentirecrowd
enjoyedacateredluncheon.
EveryESPOemployee
receiveda qualityand
productivitylapelpin anda posterfeaturing
LESCastheawardrecipient.Theteamof
employeeswhoarrangedtheeventwere
rewardedwith gift certificatesandlettersof
commendationfrom theprogrammanager.

V
"At Lockheed you have
instilled a culture that

challenges people to take
responsibility for quafity.
And you have shown you
can rise to the challenge."

--Admiral Richard H. Truly
NASA Administrator

The Next Challenge

We at LESC ESPO continually strive to meet
the challenge of improving the quality and
productivity of our operations as a support
service contractor. Our record of sustained

excellent performance, coupled with a
continuing innovation program, demonstrates
top-down and bottom-up commitment to the
role of service industry leader in quality and
productivity.

At the award ceremony for the 1989 NASA
Excellence Award for Quality and Productivity,
Lockheed Corporation Chairman and CEO Dan
Tellep reminded us, "We're not celebrating a
graduation, a culmination, or completion of
anything, because we know that quality is
something which is enduring: a never-ending,
continuous process." Along with Dan Tellep, we
take this opportunity to "recommit to our
intent to provide high-quality services to NASA
in its mission, in its hopes, and in its vision for
the future."
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A unique aspect of the Second NASA Symposium on Quality and
Productivity held in Washington_ DC, in December 1986, was that

attending organizations were invited to send teams of high-level executives
as well as individuals. An outcome of this symposium was the development

of seven strategies to guide and focus quality development efforts in
succeeding years.

Leadership must commit to revitalization

Cultural change begins at the top with visible, valid commitment. Leaders must
be active, persistent advocates of the need for change. At both the national and
organizational levels, leadership is responsible for developing clearly defined goals
and objectives to improve quality and increase productivity while creating an
environment that enables change to take place. This includes re-educating the
middle manager and fostering teamwork at all levels.

President Bob Young Jr.'s goal for ESPO is "to be and be recognized as the
service industry quality and productivity performance leader." Young demonstrates
his commitment to quality and productivity by participating in the Annual
NASA/Contractors Conference and the NASA national symposiums on quality and
productivity. Young currently serves as the contractor co-chairperson for the
NASA-JSC/Contraetor Team Excellence Forum and speaks throughout the country
about the importance of achieving quality and productivity gains in American
business.

To develop leaders within the company, Young has created the Distinctions of
Leadership course. The course, which he teaches, is open to all ESPO employees.
This seminar provides each participant with the unique opportunity to learn the
company president's views on responsibility, accountability, built-in quality, and
leadership. Top management volunteers support the Distinctions of Leadership
program as coaches; these coaches are trained in a course titled Coaching for
Superior Performance. The Distinctions of Leadership course establishes a
proactive environment--one in which people seek innovative, creative approaches to
work instead of sitting back and reacting to problems when they occur.

ESPO managers are actively involved in productivity and quality efforts both
within the company and in the NASA-JSC community at large. They participate in
even_a such as the NASA-JSC Strategic Planning workshops, the NASA-JSC/
Contracb?r Team Excellence Forum's Strategic Planning Committee, and the
Contract Incentives Committee of that forum.

Within the eompaw itself, ESPO top managers actively plan, disseminate, and
recognize productivity improvement and quality enhancement (PIQE) attainments.
Each director is responsible for at least one of the standing committees, which
form the primary institutional structure for PIQE processes at ESPO. These
standing committees meet monthly to plan, implement, and track progress on
PIQE programs that implement ESPO long-range goals. Directors either attend
the monthly committee meetings or receive a detailed briefing, which is in turn
reported on at the program manager's staff meetings.
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Make quality integral to organization culture

A top-quality mentality is a requisite for organizational and product survival. It
is an attitude that must be ingrained as a way of life for an organization-part of a
philosophy that says: "When I pass my work on to the next person, it will be the
best that I can do." It is the essential ingredient in a management culture that
refuses to condone waste and is constantly looking for ways to make
improvements. From the customer's perspective, it is the expectation of quality, the
refusal to accept anything but the best. Quality performance should be recognized
and rewarded by the organization.

ESPO corporate culture focuses on a combination of employee participation and
managerial support to solve problems and improve processes. The resulting
teamwork that is ingrained into the standard operating mode is a reflection of
E SPO's and NASA-JSC's commitment to achievement through team excellence.
Team participation is such a normal part of work in ESPO that many teams
operate without formal labels that identify their projects. Teams make no
distinction between salaried and non-salaried employees. Rather, teams are defined
as employees who voluntarily join together in an effort over and above their
normal work requirements. These teams submit and implement innovative ideas;
initiate cost-reduction activities; and improve the quality and productivity of
systems, processes, procedures, and products. A total of 726 employees, 40.3
percent of the work force, participated in 48 teams in 1988.

Employees working together in a team atmosphere and committed to
productivity enhancement often uncover opportunities to save significant amounts
of money. Three projects implemented in 1988 Saved the organization more than $6
million during the first year alone. Another five projects generated average savings
of more than $400,000 each. The total savings documented through this program
since 1984 is $55.4 million.

A percentage of the savings is returned to ESPO individuals and work teams.
On occasion, work sections, entire departments, or all employees who worked on a
particular project receive commendations for outstanding performance. Awards
range from cash and savings bonds to letters of commendation and companywide
celebrations.
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Focus on the customer

World class competitive organizations know their customers and are able to
apply management techniques and organizational skills to provide what their
customers want. They recognize that quality is what the customer needs. They
work with their customers as partners throughout the product design,
development, and delivery process. Focusing on both internal and external
customers is an essential ingredient to an organization's future success.

A team of ESPO personneI and their NASA counterparts was called on
following the STS 51-L accident to develop a shuttle crew escape system. Part of
the system involved the newly designed launch and entry suit (LES). The LES
project team was faced with three immediate problems: a short schedule, several
large procurements, and a procurement organization not staffed for this type of
activity. The organization of a flight procurement section, therefore, was the first
step in meeting those challenges. The reorganization included separating
purchasing, subcontract administration, and procurement operations. The Lockheed
corporate resources were also utilized to meet special procurement problems. To
further alleviate time and money constraints, ESPO and NASA made the decision
not to subcontract the suit fabrication and integration task and to perform the
final assembly in-house.

Because a short project schedule typically presents problems, project personnel
met frequently. The project schedule became the focal point of discussions at
weekly activity meetings held between the project engineer, the procurement
supervisor, and the purchasing agent. During the most critical period, March
through July 1988, meetings were held daily to coordinate and minimize negative
redundant activities. Where unique problems so dictated, Lockheed corporate
resources were used with the intent to make personal contact with the supplier to
work out difficulties.

The ESPO project engineer gave the customer daily progress reports on the
engineering and procurement action items. Problem areas were quickly and clearly
identified through the use of color on the schedule chart. The straight-facts
approach and clear project tracking aids helped direct customer-contractor actions
quickly and efficiently. In the end, the ESPO SCES team delivered the suits on
time and within budget.

Z

=
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Accept and manage change

Basic to improvement is the ability to change and adjust to competition and
customer demands. Maintaining an entrepreneurial spirit and an openness to new
technology and ideas requires management's ability to accep(and manage risk.
This is essential to fostering innovation and to carrying the fruits of innovation to
a successful conclusion in the form of marketable products and quality services.
Successful organizations are able to accept risk and manage change as a part of
growth, understanding that focusing on long-range goals and having a vision for
the future are more important than a preoccupation with the short-term bottom
line.

Proof of ESPO's outstanding performance came in March 1987 when it was
granted the Engineering Support Contract, the second largest contract supporting
NASA-JSC. The contract covers an initial two-year period with three two-year
options. The ESC consolidates the work previously done under separate contracts
by three companies--ESPO, McDonnell Douglas Astronautics Company, and
Northrop Services, Inc. Thirty percent of the ESC represented new work for
E SPO, including support for the NASA-JSC Crew and Thermal Systems Division,
Propulsion and Power Division, and Lunar Curation Laboratories.

Phase-in activities began immediately after the award announcement. To handle
the increased work load, ESPO hired 95 percent of the incumbent work force from
Northrop and 75 percent from McDonnell Douglas. By May 10, 1987, (well ahead
of the targeted month of August 1987) 336 new people were brought on board.
The quick work saved the government $5.3 million.

In the initial evaluation of the contract for the period ending July 1987, the
NASA-JSC technical manager made special note of outstanding performance
during the intense period of transition to the new ESC contract. ESPO
performance was rated "high excellent." This work included the identification,
recruiting, and hiring of the incumbent work force. Excellent progress in TIPS
implementation and a continued high level of performance during the high activity
transition period were also noted. Additionally, since the start of ESC, more than
400 letters of commendation for excellent performance have been received from
the customer.
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Establish a process to involve and
recognize employees

Good communication throughout an organization is essential to the revitalization
process and helps instill a sense of shared destiny in the work force. Employee
motivation is the critical task associated with improving quality and productivity.
Good communication and trust are essential to marshaling employee talents and
capabilities to solve problems and allow continuous improvement to become an
organizational way of life. Participative management should be encouraged in the
organization and supported by ongoing management-employee training programs.
It is particularly important that new programs are not perceived as undermining
employee jobs or positions. Employee teams and suggestion programs, tailored to
an organizational culture, stimulate involvement; they allow issues to be addressed
by those who are closest to the problem.

Productivity Improvement and Quality Enhancement (PIQE) goals are
communicated from the program and branch levels to operations managers and to
their employees in many ways. Company newsletters and fliers, distributed to all
employees, describe PIQE goals, projects, and rewards; they also publicize and
describe classes, innovative activities, and cost-reduction efforts. In addition,
announcements of special training sessions are carried on the Lockheed VAX
system. Programs are also publicized in interdepartmental communications and
operations reports. All activities that improve quality and productivity are reported
weekly in operations reports, which are sent regularly to each branch director and
manager. Managers communicate pertinent information through a variety of other
means, including electronic mail, department or section meetings, and goals set for
each employee during the employee performance appraisal process.

Each year, company goals are set in the ESPO Performance Plan, an overall
plan that establishes specific, measurable objectives for performance in the areas of
finance, business, and organization. Even the most worthwhile goal is useless,
however, without an effective means of implementation. ESPO's established
standing committee structure is the tactical mechanism for stating, implementing,
and tracking improvement goals. Each standing committee has representatives
from all levels: an ESP0 director oversees it, an ESPO manager is committee
chairperson, and committee members come from each branch.
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Measure activities to evaluate success

Achieving a top-quality culture within an organization requires continual,
measurable improvements. Measurement is far more than keeping score. It is
necessary for good communications and for focusing attention on priorities and on
areas needing improvement. It provides for reinforcement of progress toward
goals, and ensures and establishes accountability and an evaluation of how well one
is doing. Measures are most successful when employees are involved in determining
what the measures should be and how to achieve them--employee ownership is
essential.

The effectiveness of ESPO innovations and continuous improvement are
demonstrated by sustained ratings of excellent for cost, schedule, and technical
performance in the award fee evaluation process since 1978 and also by the
following accomplishments:

• Selection as the recipient of the 1989 Johnson Space Center Team Excellence
Award. This marked the second consecutive year that ESPO received this honor.

• Verifiable cost reductions of $55.4 million since 1984. Each year has shown a
steady increase in both the number of submittals and dollars saved.

• Continuing implementation of the Technical Information Processing System
(TIPS), a network computer system to increase productivity and quality.

Open communication is the foundation for the teamwork that enables smooth
organizational functioning. How this concept actually works at ESPO was reflected
in a survey conducted by the American Productivity and Quality Center. The
survey was designed to identify and compare corporate culture attributes in
companies that are widely recognized as excellent organizations. ESPO was one of
13 organizations chosen to participate. Employees responded confidentially to
questions regarding teamwork and cooperative behavior within work groups, trust
and credibility among managers and employees, organizational functioning, and the
ability to get the work done. The positive ESPO responses exceeded the survey
average, indicating that an environment of honest communication exists within
ESPO.
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Emphasize education as a key to the future

A quality ethic and a highly productive society depend on an educated work
force. To be competitive, organizations must be able to employ qualified people
and then involve them to maximize their contributions and establish a basis for

developing high-quality products and services. Thus, in a broader context, America
must produce a talented, educated work force with the awareness and
understanding necessary to function effectively and productively. Business must
let the educational establishment know what it needs, and be willing to work
closely with schools and universities to achieve it. Business and government
leaders nmst support the upgrading of the nation's educational system.

ESPO's continual pursuit of technical excellence is reflected in course
participation. About 27 percent of employees completed one or more of the 26
in-house technical training courses offered in 1988, 10 percent participated in the
tuition reimbursement program, and 45 percent attended one or more of the 20
wellness center programs. Since 1984, 348 employees (including two-thirds of all
managerial employees) have completed the Distinctions of Leadership course.

ESPO realizes there is a critical need for people with superior management
skills to properly manage highly skilled and diversified technical work. Therefore,
an ongoing, long-term management development program has been implemented.
This program provides a common background of understanding for the
management team. To design the program to be responsive to the needs of
managers and supervisors, a needs-assessment survey was conducted in 1988. It
uncovered the need for 11 courses, seven of which have been implemented. The
remaining four courses are being developed. A total of 267 employees have
completed one or more of these courses.

In addition, 334 employees completed 3,456 hours in 24 management and
supervisory courses offered through the Lockheed IIouston Chapter of the
National Management Association from 1986 to 1988. These curricula included
courses ranging from the first-line supervisory program to advanced management
studies, as well as special topics such as understanding and managing stress.

Training in group process, problem identification, and solution training is
embedded in several NMA and technical courses. The ESPO project management
course stresses a systems engineering approach to problem identification and
solution, along with the value of the group process through brainstorming and
participative decision making.
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Award Finalists' Recognition
NASA would like to congratulate the following companies for achieving the status of Award Finalist for the
1988-89 NASA Excellence Award for Quality and Productivity. For more information on these companies,

contact the representatives listed below.

Jerry A. Yglesias
Vice President, Operations
Barrios Technology, Inc.
1331 Gemini Avenue
Houston, TX 77058

(713) 280-1877

J. Jeanette Eads

Manager, Productivity
EG & G Florida, Inc.
P.O. Box 21267

Kennedy Space Center, FL 32815

(407) 867-7295

Monte Krauze

Director, PIQE Programs
Bendix Field Engineering Corporation
One Bendix Road

Columbia, MD 21045
(301) 794-3318

Jarvis L. (Skip) Olson
Program VP, Shuttle Processing
Grumman Technical Services Division

5195 S. Washington Avenue
Titusville, FL 32780
(407) 268-8400

Leroy Mendenhall
Manager, CMS Quality & Productivity
Boeing Computer Support Services
P.O. Box 5128, Ardmore Station
Huntsville, AL 35814-5128

(205) 544-4188

Ted F. Pykosz
Manager, Productivity Programs
Computer Sciences Corporation
16511 Space Center Boulevard
Houston, TX 77058

(407) 867-2300

Sherry Prud'homme
Project Manager, Total Quality Management
Lockheed Engineering &
Sciences Company
2400 NASA Road One

Houston, TX 77058

(713) 333-6200

Charles O. Baker

Division Director, Product Assurance
Rockwell International Corporation
Space Transportation Systems Division
12214 Lakewood Boulevard

Downey, CA 90241
(213) 922-2093

For more information on program policy
matters, contact:

Geoffrey B. Templeton
Program Manager, External TQM
NASA Excellence Award
Code QB

National Aeronautics and Space
Administration

Washington, DC 20546
(202) 453-8415

For more information on award process
and procedures, contact:

Craig A. Henry
ASQC Headquarters
310 W. Wisconsin Avenue

Milwaukee, Wl 53203
(414) 272-8575
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